Accumulating evidence suggests that low concentrations of serum 25(OH)D is coupled with increased risks of hypertension, obesity, and cardiovascular disease. However, this relationship has not been established in populations with very low levels of 25(OH)D. Therefore, the aim of our study was to clarify the associations between 25(OH)D and blood pressure, obesity, sex, and lipid profiles in the Kazak ethnic population, who have an extremely low level of 25(OH)D.
Background
Vitamin D plays essential roles in mineral metabolism and its deficiency is a worldwide health issue. Recent evidence, mainly focusing on vitamin D and metabolism, shows that low vitamin D levels are associated with increased risks for numerous diseases, especially for hypertension, cardiovascular diseases [1] , diabetes, [2] and certain cancers [3] . The epidemiological data [4] [5] [6] , including a meta-analysis (1) containing 3 cohort studies conducted in Europe and North America, has shown that lower levels of 25(OH) vitamin D is associated with an increased risk of hypertension.
Obesity is another serious health problem. A growing body of epidemiological evidence [7] [8] [9] [10] [11] suggests that a lower level of vitamin D is not only associated with increased obesity, but also with a greater risk for weight gain over time. In US whiten [12] , Hispanic, and African-American [13] populations, a negative relationship between adiposity and serum 25(OH) D concentration has been established.
The incidences of vitamin D insufficiency, hypertension, and obesity vary among different ethnic groups [14] [15] [16] [17] [18] [19] [20] [21] . In a population with extremely low vitamin D levels, the relationship between vitamin D and obesity has not been investigated. Xinjiang province in north-western China is located at 34° to 48° N latitude and has a long winter. There are 148.3 million ethnic Kazaks in Xinjiang. The Kazak people love food made from wheat flour and meat from cattle and horses. Milk tea is their favorite drink. Because of the cold weather, the Kazak people wear long trousers and long sleeves, which reduces their sunlight exposure. The Kazak ethnic population has a higher prevalence of hypertension (48.9% in adults) and obesity (overweight/obesity 67.2% in adults) [22] [23] [24] [25] [26] compared to other ethnic populations living in Xinjiang. They also have low vitamin D levels. Therefore, clarification of the relationship between vitamin D and hypertension and obesity in the Kazak population may reveal more valuable information on vitamin D and material metabolism.
In this study, we set out to investigate the relationship between vitamin D status and blood pressure and obesity in a Kazak population in Xinjiang, China. Our hypothesis was that lower serum 25(OH)D is associated with hypertension, obesity, and detrimental atherogenic dyslipidemia in the Kazak population.
Material and Methods

Study population
This cross-sectional study was conducted in a population of ethnic Kazak adults. A multistage-cluster sampling survey was conducted in Fukang, Xinjiang province, China, between October 2013 and December 2013. According to distribution of the population in the units, all samples were recruited by postal address. We planned to evaluate 1000 participants, but only 928 (92.8%) completed the questionnaire, physical examinations, and blood tests ( Figure 1 ). The criteria for inclusion were Kazak ethnic adults, residing in Xinjiang, and 30-75 years of age. The exclusive criteria were any 1 of the following: medical histories of bariatric surgery, diabetes and other chronic systemic diseases; drug and alcohol abuse; hyperthyroidism, Cushing syndrome, or hyperparathyroidism; myocardial infarction or stroke within 6 months; cancers in the previous 5 years; or taking vitamin D or calcium supplements in the previous 3 months. The study was conducted in agreement with the 1990 Declaration of Helsinki and subsequent amendments. The study protocol was approved by the Ethics Committee Board in the first affiliated hospital of Xinjiang Medical University. Written informed consent was obtained from all participants.
The questionnaire contained many items, including age, sex, and medical history of diabetes mellitus and hypertension. The survey was performed by professionally trained investigators.
Anthropometric measurements
Anthropometric measurements were obtained after overnight fasting and the subjects wore light clothes and no shoes. Height was determined by a fixed wall scale and was measured to the nearest 0.1 cm. Weight was measured to the nearest 0.1 kg by using an electronic scale that was calibrated prior to each measurement. Waist circumference was measured to the nearest 0.1 cm in a horizontal plane at the level of the umbilicus at the end of normal expiration. Hip circumference was measured at the maximum extension of the buttocks and recorded to the nearest 0.1 cm. BMI was calculated by a standard formula (weight in kilograms/height in meters squared). Blood pressure was manually measured with a mercury sphygmomanometer after the subject had been seated for at least 15 minutes. Measurements were recorded to the nearest 2 mmHg. 
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Blood tests Blood samples were obtained after an overnight fast. Total serum 25(OH)D, including D2 and D3, was measured by a ROCHE MODULAR ANALYTICS E170 with commercially available kits. The measurable range was 3.0-70.0 ng/mL, with an inter-and intra-assay variable coefficient of 9-15% and <10%, respectively. Biochemical parameters, such as fasting blood glucose, calcium, phosphate, alkaline phosphatase, urea nitrogen, serum creatinine, and lipid profiles (including triglycerides, total cholesterol, HDL cholesterol and LDL cholesterol), were measured by an auto-analyzer (ADVIA1650; Siemens, NY, USA) with commercially available kits. Bioelectrical impedance analysis (BIA) was performed using a Body Fat Analyzer model HBF-206IT (Omron Institute of Life Sciences, Vernon Hills, IL) in a fasting state. The body composition was measured by standard procedures according to operation manuals. The individual stood on the metal foot pads with bare feet, and the fat percentage, the skeletal muscle percentage and visceral fat index were determined as described previously [27] . 
Statistical analysis
Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) software, version 17.0 (Chicago, IL, USA). Data are given as median (interquartile range) for continuous variables or percentages (%) for categorical variables. Analysis of covariance (ANCOVA) was used to compare the differences among the subgroups with different levels of vitamin D, BMI, and blood pressure. Post hoc Bonferroni correction was used for multiple comparisons. Statistical comparisons for categorical variables were performed using the chi-square or Fisher's exact tests. Univariate and multivariate logistic regression analyses were used to explore the relationship between 25(OH)D and other variables, such as age, sex, BMI, systolic BP, diastolic BP and lipid levels. Age, BMI, systolic BP, diastolic BP, lipid levels, and serum 25(OH)D (log-transformed) were used as continuous variables for the purpose of regression analysis. A 2-sided probability value £0.05 was considered statistically significant.
Results
The anthropometric and biochemical characteristics of the study population (n=928) are listed in Table 1 and Figure 2 To examine if the levels of plasma vitamin D are associated with changes in metabolic parameters, we categorized the subjects into 3 groups based on the concentrations of plasma vitamin D, as described in the methods section: vitamin D deficient group (n=672), insufficient group (n=211), and sufficient group (n=45). Significant difference were detected in BMI (P=0.046), waist circumference (P=0.037), hip circumference (P=0.003), systolic BP (P=0.035), and LDL cholesterol (P=0.008) among the 3 groups after sex and age were adjusted for. The vitamin D deficient group had the highest body fat percentage (P=0.009) and lowest body skeletal muscle percentage (P=0.026) after adjustment for sex and age among the 3 groups. There were no significant differences in diastolic BP, calcium, phosphate, fasting blood glucose, triglycerides, HDL cholesterol, total cholesterol to HDL cholesterol ratio, visceral fat index, and basal metabolic rate among the 3 groups (Table 2) .
To further investigate the relationship between plasma vitamin D levels and blood pressure, we divided the participants into 2 groups: hypertension (n=521) and non-hypertension (n=407). There were significant differences in BMI, waist circumference, hip circumference, lipid levels, body fat percentage, and body skeletal muscle percentage between the 2 groups. However, there was no significant difference in vitamin D levels between the 2 groups (P=0.586) ( Table 3 ). To determine if plasma vitamin D levels were associated with blood pressure, we chose those participants who were not on antihypertensive drugs (non-hypertension n=407, hypertension without drugs n=152, total n=559), and divided them into 4 groups according to their systolic BP (SBP) levels: SBP less than 120 mmHg; SBP 120-140 mmHg; SBP 140-160 mmHg; and SBP above 160 mmHg. There was still no difference in vitamin D levels among these 4 groups.
To determine if the levels of plasma vitamin D were associated with changes in overall body status, we categorized the subjects into 3 groups based on BMI: normal weight (n=267), overweight (n=393), and obese (n=268). The prevalence of overweight and obesity in the whole population was 42.4% and 28.9%, respectively. Significant differences in systolic BP, diastolic BP, triglycerides, HDL cholesterol, LDL cholesterol, total cholesterol to HDL cholesterol ratio, fasting blood glucose, body fat percentage, and skeletal muscle percentage were detected among the 3 groups (Table 4) . However, participants with different BMI had similar vitamin D levels (Table 4) .
A univariate linear regression analysis, to identify risk factors for serum 25(OH)D concentration, revealed that women had a significantly lower 25(OH)D level than men (Table 5) . Although there was a negative association between vitamin D and body fat percentage, the clinical value was limited due to a small B coefficient (Table 5 ). There were no significant associations between 25(OH)D and systolic or diastolic BP.
In a multivariate regression analysis, sex, hip circumference, body fat percentage, body skeletal muscle percentage, visceral fat index, total cholesterol, HDL cholesterol, and LDL cholesterol were put into analysis as possible influence factors for serum vitamin D. It was shown that sex, LDL cholesterol, and hip circumference were independent factors for vitamin D. After sex and hip circumference were adjusted, every increment of 1mg/dL in LDL cholesterol was associated with a 1.0-ng/mL decline in serum 25(OD)D (Table 6 ).
Discussion
Our study shows that the incidence of vitamin D insufficiency is astonishingly high in ethnic Kazak adults residing in Vitamin D level in Kazaks is much lower than in other ethnic populations [28] [29] [30] . In ethnic Chinese Han, the average concentration of 25(OH) D is 26.9ng/mL and the incidence of vitamin D deficiency is 28.6%, significantly higher than that in Kazaks [31] . The difference could be due to several reasons.
First, Kazaks geographically reside in areas with low sunlight levels. Fukang city, locating in north-western China, is at near 44° N latitude and has approximately 66 sunny days per year. Also, low vitamin D content in food and little use of dietary supplements might exacerbate the situation.
The prevalence of hypertension in our study was 56.1%, and no association was found between serum 25(OH)D and blood pressure. This is not consistent with the results of most studies in Hispanic and non-Hispanic populations, in which the serum vitamin D level is inversely related with blood pressure [1, 4, 5] . Three such studies were conducted in Chinese populations. One study confirmed an inverse association between 25(OH)D and diastolic BP [29] , and another found that the inverse association only existed in men [28] . The third study found no significant associations. Therefore, a conclusive association between vitamin D level and blood pressure in Chinese populations has not been determined.
There is a consistent finding that serum vitamin D is inversely coupled with adipose deposit [32] [33] [34] . Increased sequestration of fat-soluble vitamin D in adipocytes is a supposed mechanism for this phenomenon. However, in our study, such a relationship could not be confirmed. This may be because vitamin D levels in the Kazak ethnic population are too low to establish the relationship with BMI. The mean concentration of 25(OH)D was 17.1 ng/mL in our study, and it was 25.9-35.7 ng/mL in some studies focusing on obese participants [35] [36] [37] . Our findings suggest that in a population with severe vitamin D deficiency, the inverse relationship between vitamin D and obesity, a common finding in the most previous studies, may disappear. More studies, focusing on populations with very low levels of vitamin D, are required to confirm this hypothesis.
Our study revealed that women had lower 25(OH)D than men. Compared to men, women have more fat deposits in the gluteal-femoral regions [38] , which may sequestrate more vitamin D in these areas. In fact, the relationship between vitamin D and sex is not well established. Some studies showed a higher prevalence of vitamin D deficiency in men than in women [39, 40] , while another study showed the opposite results [41] . 
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Interestingly, a significantly negative association between serum LDL cholesterol and 25(OH)D was found in our study. After being adjusted for sex and hip circumference, every 1-mg/dL increment in LDL cholesterol was associated with a 1.0-ng/mL decline in serum 25(OH)D. A similar inverse relationship between 25(OH)D and total cholesterol and LDL cholesterol and triglycerides has been reported [42, 43] . Furthermore, a positive association between vitamin D and HDL cholesterol and apolipoprotein A1 was also found [44, 45] . All these results point to a consistent tendency that a higher 25(OH)D level is associated with a beneficial lipid profile, but a cause-and-effective relationship could not be established due to the limitation of cross-sectional designed studies.
The underlying mechanism between hypovitaminosis D and cholesterol metabolism is not yet fully understood. One theory is that when exposed to sunlight, squalene in epidermal cells is converted into 7-dehydrocholesterol and vitamin D; otherwise, it may shift its metabolic pathway to the formation of cholesterol [46] . Another possible explanation is that LDL cholesterol may be the precursor for vitamin D [47] . Without sunlight, LDL cholesterol in epidermal cells cannot be transformed to vitamin D and would be accumulated. Notably, vitamin D synthesis occurs mainly in the deeper epidermal layers, possibly due to the higher expression of LDL receptors in the basal layers than in the superficial layers (keratinocytes) [48] .
A strong relationship between low 25(OH)D concentration and increased cardiovascular events, possibly mediated by atherogenic dyslipidemia, was revealed by some meta-analyses [1, 49, 50] . However, supplementation of vitamin D, in an attempt to improve lipid profiles and reduce cardiovascular risks, demonstrated no beneficial effects [51] [52] [53] . Heterogeneity of participants and insufficient vitamin D supplementation in these clinical trials may impair the effects of vitamin D supplementation [51] [52] [53] . Therefore, more well-designed and prospective clinical studies are needed to clarify the beneficial effect of vitamin D supplementation on lipid profile and cardiovascular risks.
Although our study revealed a severe vitamin D deficiency in the Kazak population, especially in women, and established the relationship between plasma vitamin D levels with parameters of metabolic syndrome, this study also has some limitations. First, the factors influencing vitamin D metabolism, such as sunlight exposure, sunscreen use, dietary vitamin D intake, and physical activity, were not assessed. Second, in our study, serum 25(OH)D was measured at the end of the long winter season in the Xinjiang region of China. However, our findings strongly suggest that we likely underestimating the vitamin D deficiency in the Kazak population. Third, patients with cardiovascular disease or cancer were not included in our study, and the relationship between vitamin D and these diseases needs further investigation. Despite these limitations, our study has several strengths. The study uncovered a severe vitamin D deficiency in the Kazak ethnic population, which has a high prevalence of obesity and hypertension and lives in places without sufficient sunlight exposure. Furthermore, we revealed, for the first time, that in a population with severe vitamin D deficiency, the inverse relationship between vitamin D and blood pressure and obesity may disappear.
Conclusions
Deficiency of vitamin D is highly prevalent in the Kazak population and the negative association between serum vitamin D and obesity disappeared in this population. Low level of 25 (OH)D was independently coupled with higher LDL cholesterol, which, if oxidized, may induce higher risks of cardiovascular events. Supplementary vitamin D may benefit patients with cardiovascular diseases by improving atherogenic dyslipidemia.
